1. INTRODUCTION
===============

DNA is the main genetic materials of all cellular organisms; preserving DNA itself is one way of preserving germplasm resources \[[@R1]\]. The development of biotechnology and molecular biology make it possible for us to regulate or even control the plant traits, by using DNA sequence information, such as the structure, function and mechanism etc. DNA technologies based on DNA molecular markers, transgenic technology and gene expression have been widely used in agricultural production which have showed great potential in improving agricultural yields and quality, reducing the loss that various biotic and abiotic stress caused, promoting the utilization of germplasm resource, improving breeding efficiency and strengthening the regulation of plant growth \[[@R2]-[@R4]\]. These modern DNA technologies with high feasibility and necessity are important measures to guarantee the sustainable development of agricultural. Despite the agriculture including plant and animal production, DNA technologies in these fields share the same technical purpose and type. Therefore, in this study, we will review the agricultural applications of DNA technologies by introducing the utilization of DNA technologies in plant production.

There were many reports about the application of various DNA technologies in agricultural production till now; and the DNA technologies have been constantly developed and updated, which make it difficult to introduce every DNA technique. Therefore, we will mainly introduce the agricultural applications of DNA molecular marker and transgenic technology in this paper.

2. The application of DNA markers in Agriculture
================================================

Since the advance of the first generation molecular marker technology restricted fragment length polymorphisms (RFLP) and the Polymerase Chain Reaction (PCR) in 1980 \[[@R5]\], various DNA markers were developed and used in biology research, such as DNA random amplified polymorphic DNA (RAPD), single nucleotide polymorphism (SNP), amplified fragment length polymorphism, (AFLP) and sequence-related amplified polymorphism (SRAP) etc. Compared with the traditional morphological markers, cytological markers, and biochemistry markers, DNA markers have much more information and higher polymorphism, and can work without the influence of plant organs, developmental stages and various environmental factors, which have been widely used in identification of crop varieties, conservation and evaluation of plant germplasm resource, analysis of genetic adversity and evolution, construction of genetic maps, cloning of important agronomic trait genes, and molecular mark assisted breeding.

2.1. Cultivar Identification and Analysis of Seed Purity
--------------------------------------------------------

For a long time, plant cultivar identification and seed purity test were mainly based on phenotypic traits. However, the rapidly increasing crop cultivars and the close evolutional relationship among some cultivars and the confuse of the varietal names and their local names, in addition, the phenomena of 'homonym' and 'synonym' have been making it more and more difficult to collect, classify and conserve the plant resources. The incompetence of the traditional plant cultivar identification techniques calls for a more stable, simple and accurate technique. DNA molecular marker has high specificity, selectivity, simplicity, accuracy and genetic stability can reflects the differences in DNA level without environmental impacts, and thus has great advantages in seed purity identification \[[@R6]\]. The DNA molecular marker technology has been used in the identification of cultivar and seed purity of rice (Oryza sativa), wheat (Triticum aestivum), maize (Zea mays), cotton (Gossypium hirsutum) and grape (Vitis Vinifera) etc. \[[@R6], [@R7]\].

In order to better apply the DNA markers to cultivar identification, the conversion of DNA fingerprint to the available and convenient information which can be directly used in the cultivar identification practice is crucial. However, in the early days, the lack of available technique or measure make it difficult to convert the DNA marker fingerprint to the intuitive and easy access information, which lead to the research findings on cultivar identification were barely used in the agriculture production. In the former study, the DNA marker identification results were mainly analyzed by electrophoresis band database, binary table and cluster analysis, but these information were too abstract and difficult to be used in the ordinary cultivar identification practice. Recently, with the development and application of the manual cultivar identification diagram (MCID) (Fig. **[1](#F1){ref-type="fig"}**) \[[@R6], [@R7]\]; the cultivar identification by DNA marker has achieved the goal to serve for the agriculture directly. In MCID, the information of DNA marker primer and the polymorphic bands were marked to the cultivar identification diagram (CID) through artificial drawing, by which the cultivar identification results can be used or referred in the cultivar identification practice. Zhang *et al.*, (2012) \[[@R7]\], Zhao *et al.*, (2011) \[[@R8]\], Leng *et al.*, (2012) \[[@R9]\] and Mu *et al.*, (2012) \[[@R10]\] applied the RAPD molecular marker to the cultivar identification of grapevine, pomegranate, loose-skin mandarin and lemon. The CID they have drawn can provide the useful information of primer and polymorphic bands which can be used to identify the cultivar of grape and pomegranate. The combination of DNA marker and the MCID make it possible to exert the advantages of DNA marker in cultivar identification sufficiently.

2.2. Evaluation of Germplasm Resource
-------------------------------------

Preservation and evaluation of plant germplasm resources are very important for keeping the rich diversity of breeding parents and genetic base and the rational using the germplasm resource efficiently and rationally. DNA molecular marker technology provides an important technical mean for preservation, identification, evaluation, mining and innovation of plant germplasm resources. Ram *et al.* (2007) \[[@R11]\] and Moncada *et al.* (2006) \[[@R12]\] analyzed the genetic diversity of field crops such as rice and grapevine by SSR marker, and this results provided important theoretical basis for the utilization of these crops. DNA molecular marker technology has become efficient technology to evaluate the germplasm resources of different crops. By using DNA molecular marker, not only can we protect the genetic integrity of germplasm resources, maintain minimum breeding population and seed amount, screen important germplasm, and preserve large amount of germplasm resources, but also we can study the genetic diversity and evolutional relation of germplasm resources. The information about their DNA level diversity and their origin and evolution relationship will greatly help us to make better use of the excellent germplasm resources of crop and provide an important scientific basis for the protection of these germplasm resources.

2.3. Heterosis Prediction
-------------------------

Heterosis prediction can greatly reduce the blindness and increase the pertinence of breeding, it is important to improve breeding efficiency and shorten the breeding process. By DNA marker technology, we can detect the positive markers or positive locus related to heterosis in any period or organ, and then predict the heterosis based on the heterozygosity of these locus. This technique overcome the deviation of genetic distance-based heterosis prediction (In some case, genetic distance has no relationship with heterosis). In addition, DNA marker overcome the shortcoming of isozyme-based heterosis prediction, in which it has too much restriction to be widely used. In recent years, the use of molecular markers has made some progress in the prediction of heterosis in maize, rice, cotton, rape and other crops. For example, Percy *et al.* (2006) \[[@R13]\] found that the heterosis of boll number and weight of single cotton were significantly related the genetic distance of the molecular marker; Solomon *et al.* (2007) \[[@R14]\] reported that the genetic distance of the molecular marker has significantly positive correlation with the heterosis of grain weight.

2.4. Construction of Genetic Map
--------------------------------

The genetic map is the chromosome linear linkage map that uses the chromosome recombination and exchange rate as the relative length and genetic markers as the main body. It has great theoretical and practical significance in fields such as quantitative trait loci (QTL) mapping, marker-assisted selection, gene map-based cloning and comparative genomics etc. The genetic map constructed by DNA molecular marker technique give us chance to analyze the linkage relation of the genetic loci at the molecular level directly. The genetic loci we can get from the genetic map are far more than that we can get from the traditional genetic markers methods constructed based on morphology, physiology, or biochemistry. In addition, the construction cycle is shorter, and the density of markers is higher compared with the traditional ways. In recent years, with the rapid development of molecular marker technology, the genetic maps for most crops have been drawn. For example, Cui *et al.* (2012) \[[@R15]\] constructed the high-density genetic linkage map of wheat (average genetic distance is 4.42) using DArT markers, and Blenda *et al.* (2012) \[[@R16]\] constructed the high-density genetic linkage map of cotton (average genetic distance is 4.3) using SSR marker. Most of the field and economic crops have finished the construction of high density and even saturated genetic linkage maps, and this will be of great help to understand the information of genomic composition and structure, and will finally benefit to the breeding practice.

2.5. Gene Mapping, Cloning and Marker-assisted Breeding
-------------------------------------------------------

Molecular marker can link to the target phenotypic traits loci, by which we can locate the important agronomic traits related genes, provide the convenience for marker-assisted breeding and map-based cloning of these genes. On the basis of precise location of the target gene by using DNA molecular markers, breeders can take advantage of the molecular markers which closely linked to or co-separated with the target genes, by which they can identify the existence of the target gene in breeding offspring, and determine whether they obtain the desired individuals. Molecular-assisted breeding makes up for the shortcomings of the traditional field selective breeding method which is time consuming, low deficiency and inaccurate. At present, molecular-assisted breeding technologies has been widely used in crop breeding and has developed a number of new crop cultivars and lines. Jena and Mackill (2008) \[[@R17]\] and Shi *et al.* (2009) \[[@R18]\] applied the molecular marker assisted breeding techniques to select the excellent crop quality traits, and succeed to select the blast resistance trait of rice and resistance to soybean mosaic virus of soybean. Gene map-based cloning technology is a technology suitable for gene cloning, which is developed on the basis of DNA molecular markers and marker genetic linkage map. Based on accurate location of the target gene by molecular markers, and use the molecular markers that are closely linked to the target gene as probes to screen genomic library, by which we can clone the large fragments of the target gene. Map-based cloning techniques has great advantages for novel gene cloning, and has been successfully used in the separation and cloning of excellent agronomic, growth and development and resistance related genes in rice and maize. For example, Tamura *et al.* (2014) \[[@R19]\] and Gao and Lin (2013) \[[@R20]\] successfully cloned salt- and insect-resistant genes in rice by map-based cloning technique, Lu *et al.* (2012) \[[@R21]\] cloned the key enzymes genes of terpenoid metabolic pathway in maize.

3. Application of gene expression information in agricultural production
========================================================================

Traditionally, the growth and development condition and the phenological period of crops are the main reference basis for the agricultural production. These information are mainly collected through observing and recording the phenotypic trait of crops. This method has played important roles in the traditional agricultural production that is intuitive, simple and effective. However, the appearance of phenotypic traits always lags, and cannot feedback the real growth and development situation of crops timely and accurately. What's worse, it always too late to take remedial measures when the negative phenotype appears. Every traits of plant is genetically controlled by gene, and the gene information can accurately reflect the real growth, development and metabolic status. Furthermore, the expression of gene is always earlier than the appearance of phenotype, so monitor and diagnose the growth and development status of crops at gene level makes it possible to predict the unfavorable change or harm before it happens, and take remedial measures in advance (Fig. **[2](#F2){ref-type="fig"}**). The development of modern molecular biology technique provides extremely rich and even redundant gene information to the researchers. Even though gene expression profile has been widely used to address the relationship between ecologically influenced or disease phenotypes and the cellular expression patterns, the information is mainly limited to laboratory experience, it is necessary to apply the crop growth and development related gene information to agricultural production, so the techniques or methods that are able to convert these gene information to convenient and easy access information are urgent.

In the era of molecular biology, there are high necessity and feasibility to apply the gene information to agricultural production. People can use genetic information to observe or monitor the growth status of crops and provide guidelines for the field management, by which we can improve the efficiency of agricultural measures such as fertilization and irrigation, and regulate the maturity and growth habits and other important growth process of crop.

3.1. Gene Information Describing the Crop Phenology
---------------------------------------------------

Plant phenology is the appear time of various iconic morphological characteristics such as seed germination, leaf, blossom, fruit growth and development status in plant life cycle, is the reaction of growth, development and activity of plant response to climate. By observing phenological events, we can grasp the seasonal variation of crop, guide crop planting, cultivation management and disease-pest control. However, observing and recording the phenological period need to spend a lot of time, work force and financial resources, and the data obtained is limited by the cultivar, climate, geographical environment and agricultural operations and other factors. Thus phenology and phenological period is different in different years, last year record for reference for the following year is not precise enough. Therefore, the current situation, i.e., phenological events cannot be used to accurately depict phenophases, calls for the advent of a more accurate means of depicting phenology. The expression of genes involved in plant growth and development is affected by the common regulation of plant growth and environmental conditions, so the researchers can more accurately describe the phenological period of crop growth by using the gene information, i.e., gene phenology, and then according to gene phenology we can early elaborated plans and employed appropriate management.

When the changes of external environment caused the advance or delay of phenology, the expression of related genes at the molecular level invariably precedes the emergence of phenological phenomenon, therefore, we can timely and reasonable judge and implement farming operation. Wang *et al.*, (2014) \[[@R2]\] found changes in expression information of flower development related gene APETALA1 and APETALA3 in grape can be used to describe the phenology of grapes, and can guide the precise fertilization in grape production, restrain flower and fruit drop and promote the development of flower and fruit.

As more and more genes related to crop growth and development genes have been excavated, the researchers were able to describe different phenological events in different crops at different developmental stages systematically, precisely and quickly \[[@R2]\]. This will enable the use of gene information to describe phenology and take appropriate management measures become simpler, more efficient and cost less. This strategy promotes the practice of using gene information in agricultural production.

3.2. Prediction of Crop Growth Status Under Stress
--------------------------------------------------

Gene expression information can also be used to predict the effects of environmental stress on the growth and development of crops, which is convenient for people to take appropriate management measures (Fig. **[2](#F2){ref-type="fig"}**). Crops sometimes suffer various biotic or abiotic stresses in agricultural production, resulting in reduction in agronomical yield, falling off in quality, and will affect agricultural output.

In the past, people grasp the growth state under stress through the phenotypic traits of crop. Nevertheless, these phenotypic traits require a certain amount of time, and the effect of some stress on crop is difficult to observe from the outside. More often, when people have observed the phenotypic traits of crop under stress and then take measures, it is often difficult to bring the plant back to normal state. Therefore, it is not the suitable way and measure to guide the remedial or recovery of crops under stress through the phenotype observation of the growth state of crop under adversity.

There are many genes of crop involved in transcriptional response to stress such as drought, high salinity or low temperature, the expression level of these genes increased or decreased affected by the stress condition. Therefore, through the expression information of these resistance related genes, researchers will be able to know whether the crop encounter unfavorable growth conditions, and take timely remedial measures.

Krasensky and Jonak (2012) \[[@R22]\] studied the expression patterns of stress-inducible genes in drought, extreme temperature and salinity stress. The beginning, end and changes in the expression of genes related to plant signaling events involved in responses to environmental stresses such as salicylic acid, jasmonic acid and abscisic acid and calcium ion, reflect the growth state of crop under stress. Researchs about the expression information of gene in different tissues and different developmental stages under different environmental conditions will provide support for the prediction of growth state of crop under stress at the molecular level \[[@R23]\]. These researches not only contribute to complementing understanding of metabolic adjustments of plant under stress, but also play an important role in increasing agricultural production, reducing the consumption of resources.

3.3.. Evaluation of the Effect of Fertilizers
---------------------------------------------

In the past, determining fertilization time, fertilization types, and the amount of fertilizers in agricultural production are general implemented based on crop growth and phenology, generally is experience operation, and would be greatly affected by geographical and environmental conditions, thus it is undoubtedly difficult to accurately guide the effect of fertilization. These practices not only failed to achieve the best benefits of fertilizer application, but also resulted in the waste of fertilizer and environmental pollution. Therefore, how to invest a reasonable input of nutrient, at the same time guarantee the quality and yield of crops, and how to choose the more effective fertilizers and more scientific fertilizing methods, are issues of concern.

Modern DNA technology makes it possible for people to understand the effect of fertilization promoting plant growth and development at the molecular level. Chu *et al.*, (2012; 2013) \[[@R24], [@R25]\] found we can determine the effect of fertilization by the expression of some genes related to nitrogen metabolism in grape. Through the analysis of expression level of some gene such as glutamine synthetase (GS) and glutamate dehydrogenase (GDH), the time of these gene reached the highest expression level was 6h earlier after foliar fertilization compared with soil fertilization, and gene expression levels were higher, these results partly revealed the reason why foliar fertilization take effect quickly. The use of genetic information not only can accurately clarify the influence of conventional fertilization on crop growth and development; also can more accurately assess the use efficiency of fertilizer, the work speed of different fertilizing methods such as foliar and soil fertilizer, the fertility of different fertilizer and so on. Gene expression information can reflect the metabolism and transport of fertilizer in crop, so through analysis of spatio-temporal expression of related gene, we can obtain the gene information on the response of crops in different kinds and concentration of fertilizer in different growth periods \[[@R26]\]. On this basis, combined with the status of crop growth and development, we can establish more scientific and reasonable fertilization measures in different growth stages, such as the period of fertilization, the type of fertilization and the amount of fertilizer. These measures will greatly save fertilizer dosage, reduced investment in agriculture, increased the income of farmers, and reduced the environmental pollution.

Crop cultivation along with many farming operations, each farming operation will cause the corresponding changes in gene expression at the DNA level, the usage of DNA technology to detect such changes at the molecular level can help us to understand regulation mechanism of farming operation on crop growth and development \[[@R27]\]. Now there were more and more studies about the influence of various cultivation operations on the expression level of related genes. The expression level of some genes of grape increased and expressed early because of treatment with abscisic acid \[[@R28]\], similarly, branch girdling makes the high expression level of citrus genes about 1 week in advance \[[@R29]\].

According to soil characteristics and the needs of crop growth development, we can use gene information to manage every growth stage of crop, and decide the consumption of various agricultural material (fertilizer, herbicide, pesticide, and hormone etc.), and which cultivation measures (girdling, bagging etc.) to use. Thus, we can make full use of the potential of soil and crop, archive the best results from field management technology, meet the needs of crop growth, and reduce agricultural materials inputs, thereby reduced the material consumption, increased commercial profits, protected the ecological environment, and realized the sustainable development of agriculture.

In total, plant growth and development are controlled by the programmed (by time, tissue and abundance) expression of suites of genes in response to exogeneous or endogeneous queues. Hence, there is a need to generate genome-wide expression data from a range of tissues/ developmental stages in order to understand and relate phenotypic traits and gene expression profiles. And data at the transcriptome and epigenome level can contribute greatly to the application of gene information in agriculture \[[@R30]\].

4. Applications of transgenic technology in agriculture
=======================================================

Transgenic technology can improve accurately crop quality and yield, compared with traditional crop, the all traits like yield, stress resistance (including disease-resistant, insect-resistant, cold-resistant and herbicide-resistant) and nutritional quality of genetically modified crops will be significantly heighten. The commercialization of genetically modified crops dramatically lowering the cost of agriculture, and bring continuously a great deal of benefits of economic, environmental and social in the world.

4.1. Prevention and Control of Agricultural Disease and Pest
------------------------------------------------------------

Transgenic technology is widely used to control the agricultural disease and insect-pest, reduce the cost of agricultural production, improve the effect of disease and insect control, reduce pesticide pollution, and increase crop production, thus brought new vigor and hope in the prevention and control of crop diseases and pest.

The research and promotion of transgenic herbicide-resistant crop has been dominant in the transgenic crop, to date there are many herbicide-resistant cultivars were created by transgenic technology in cotton, maize, soybeans and rape \[[@R31]\]. Transgenic insect-resistant crop is one of the most important kinds of transgenic crops, in the past 10 years, transgenic insect-resistant crop such as cotton, maize and potato have achieved fruitful results \[[@R32], [@R33]\]. In recent years, plant disease-resistance genetic engineering has achieved many breakthroughs, and has bred many kinds of transgenic disease-resistant crop such as the Fusarium wilt- and Verticillium wilt-resistance transgenic cotton \[[@R34]\].

Currently, insect resistance, disease resistance, herbicide-resistant transgenic maize, cotton, potato and soybean have entered the commercialization stage, and have a larger cultivation area \[[@R4], [@R35]\].

4.2. Quality Improvement
------------------------

Transgenic technique can be applied to improve the qualities of crop \[[@R36]\], including protein content, amino acid composition, starch composition, polysaccharide compounds and lipid in seeds and other storage organs (tubers, tuberous root, bulbs, etc.) \[[@R37], [@R38]\], finally improve food quality, increase nutrition and ameliorate health function and processing performance etc.

4.3. Enhanced Resistance
------------------------

Transgenic technology is also widely applied in breeding new cultivars possessed high drought-, salt- and cold-resistance \[[@R39]\]. The rice which introduced into c-repeat binding factor (CBF) possess significantly resistance to abiotic stress \[[@R40], [@R41]\]. The offspring of rice introduced into Arabidopsis thaliana dehydration responsive element binding (DREB) gene exhibited better growth status than non-transgenic plants under drought stress \[[@R42]\]. The tobacco introduced into S-adenosylmethionine decarboxylase (SAMDC) gene grew well under abiotic stress \[[@R43]\]. A bacterial mannitol-1-phosphate dehydrogenase (mtlD) gene was transferred into tomato which showed a significant resistance to the low temperature stress \[[@R44]\].

Transgenic crops have been extended into many aspects, such as biotic and abiotic stress-tolerant, fertility, yield and quality improvement \[[@R45]\]; furthermore, some techniques have been or are being applied in crop breeding program. Golden rice and drought-tolerant maize created early by transgenic technique could be used in actual production cultivation.

Transgenic cotton is among the first transgenic plants commercially adopted around the world. Transgenic cotton has offered many important environmental, social, and economic benefits, including reduced usage of pesticides, indirect increase of yield, minimizing environmental pollution, and reducing labor and cost. Although transgenic cotton plants with disease-resistance, abiotic stress tolerance, and improved fiber quality have been developed in the past decades, insect-resistant and herbicide-tolerant cotton are the two dominant transgenic cottons in the transgenic cotton market. Thus in the future, the development of transgenic crops no doubt will focus on fields like stress resistance, quality improvement, yield increased, functional components, this will bring opportunities and challenges for the development of world agriculture.

4.4. Molecular Design Breeding
------------------------------

In recent years, molecular design breeding developed on basis of the combination of the DNA technology and cultivar improvement has gradually attracted people\'s attention. Before the field experiments, molecular design breeding would integrate the information related breeding program on the computer, and simulate the implementation plan, thus considered more factors, more comprehensively, and put forward the best strategies of selection of parental and progeny, to enhance predictability in the breeding process, thereby substantially improve breeding efficiency \[[@R46]\].

Molecular design breeding will greatly improve the theory and technology of plant breeding, and make the traditional breeding technology more efficiently and targeted. At present, molecular design breeding have achieved certain effects in wheat, rice, soybean and rape \[[@R46]\]. Molecular design breeding is a new and highly integrated research field; we need to use multiple DNA techniques such as mapping and analysis of agronomic QTL, the mapping and cloning of important trait related genes, construction of genetic linkage map and prediction of heterosis. Among them, molecular marker-assisted breeding and gene genetic transformation techniques are two of the most basic and most important technologies in molecular design breeding, which are also key factors to restrict the development of molecular design breeding. With the innovation and breakthrough of both technologies in the further, the development of crop molecular design breeding will be more rapid.

In the development of future, molecular design breeding is bound to become an integrated breeding method that would combine multiple disciplines and would be constantly improved. Molecular design breeding will in the future have a profound influence on the development of theory and technology of crop breeding, and DNA technology is playing an irreplaceable role in this process.

5. Problem and Prospect
=======================

Now agricultural production has relied on hormones and chemical fertilizers on long-term steroids, and especially the abuse of pesticides increased the dosage and residual of pesticides, pollution are becoming much severer, the quality of agricultural products continue to decline. Agricultural production is unable to meet the growing demand. With the rapid development of molecular biology today, it is necessary for scientist to use the technology based on the molecular level to do better on the agricultural industry. DNA techniques can be applied to the analysis of genetic background of crop germplasm, cultivar identification, crop genetic improvement as well as the analysis of growth state, and has shown very good results. There are a lot of work to be done in some areas, such as techniques improvement, utilization of chromosome engineering in the innovation of crop germplasm, further increase of crop quality and yields and biosafety prevention, is the goal or task that relevant experts pay attention and efforts on.

Currently, the world is facing the crisis of soaring population and food shortage, agricultural production has become a very important issue in the construction of national economy. With modern DNA technology becomes more and more widely used in agriculture, the current major issues like food, population, pollution and other problems that our world facing would get better solution. Therefore, the development of modernization of agriculture based on new DNA technology is an important choice.

This work was supported by the Natural Science Foundation of China (No. 31372027), the Science and Technology Support Program of Jiangsu Province (BE2013431) and the specific fund for the independent innovation of agricultural science and technology (IIAST) of Jiangsu Province (CX (14)2097).

CONFLICT OF INTEREST
====================

The author(s) confirm that this article content has no conflict of interest.

![The schematic of manual cultivar identification diagram (MCID). The plus sign (+) indicates the presence of the amplification fragment, the minus sign (−) indicates the absence of the amplification fragment, ellipsis (\...) indicates that the lists of cultivars/primer/ amplification fragment are not intended to be complete.](CG-17-379_F1){#F1}

![The model of gene expression information for depiction of plant growth status.](CG-17-379_F2){#F2}
